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INTRODUCTION
The recently completed Safety Assessment for Core Sampling in Flammable Gas Watch List Tanks' (Safety Assessment) discussed the possibility of an ignition of flammable gasses while sampling. Specifically, an ignition occurring in the vertically suspended drill string is a concern because of the possibility of the flame propagating out of the drill string and into the waste media. This document describes testing that will show the results of an ignition induced inside a length of drill string.
OBJECTIVE
The objective of this scouting or "scoping" testing is to determine, under different configurations, if an ignition of flammable gasses within a length of drill string will spread through a column of water (simulating liquid waste) and out the end of a length of drill string. It is believed that very little trapped gas exists within the first three feet of waste in a flammable gas watch list tank. Thus if an ignition were to occur within the drill string and spread into the waste while the end of the drill string was within this first three feet, the risk of contacting flammable gas (and any subsequent flame propagation) is low. If no gas is expelled during testing with the drill string placed in one to three feet of water, then a spread of an ignition will not occur and the issue of the propagation of flammable gas at this depth or any deeper depth (where the hydrostatic head is even greater) is eliminated.
Variables such as the height of the column of water at the bottom end of the drill string, the length of the drill string (and subsequent total amount of flammable gas), the open or closed position of a venting valve, and the location of the spark which ignites the gas will be varied to try to find a condition where gas will not escape through the water layer. 
SCOPE
DRILL STRING
A thirty to sixty-foot length of standard 2.25 inch (OD) steel drill string will be supported vertically with a crane or other holding device such that the lower 31 to 93 cm ofthe drill string is positioned within a container of water. This container of water will provide an indication of either:
1. That enough energy is developed during an ignition to force the pressurized gadflame front out the end of the drill string -observed as gas escaping out the bottom of the drill string (using a high speed video camara), or 2. Insufficient energy is developed during an ignition to expel gasses and instead only a rise in water level is observed.
The proposed method of supporting the drill string is shown in Photograph 1 below. The container of water simulates the liquid waste that will be present in the drill string during actual field sampling. The container should be of a diameter that is both small enough to easily see a change in water level and yet big enough to allow adequate viewing of the end of the drill string with a video camara during the test.
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FLAMMABLE GAS SUPPLY
Previous ignitability testing showed that a stoichiometric gas mixture of hydrogen and air would be bounding for ignitability tests and this mixture will also be used in this testing.
The pressurized mixing chamber, shown in Photograph 2 below, is used to provide the flammable gas to the drill string. A vacuum is initially pulled on the mixmg chamber and then the individual gas species are supplied at the required partial pressures to create the stoichiometric hydrogdair mixture. The gas mixture will be released from the pressurized mixing chamber into the drill string for eight minutes at 28 liter/minute to both purge the drill string of any atmospheric gasses and to fill it with the flammable gas completely. This eight minute purge time was shown in previous testing to be more than sufficient to purge a 18.3 m (60-ft) length of drill string of atmospheric gasses completely. E a non-sealed drill string is used, the flammable gas will continue to flow after the initial eight minute purge at a reduced rate of 5.7 liter/min. The gas line will be heated to provide an approximate 100 O C gasentering the drill string. The mixing chamber is shown in photograph 2 below.
Photograph 2 -Flammable Gas Mixing Chamber
INSTRUMENTATION
A pressure transducer will be mounted on the drill string to indicate the timing and magnitude of an ignition. In addition, a liquid level device will be mounted on the water container to indicate the water level rise after ignition. Both these transducers will feed information to a remote data acquisition system for recording. A high speed video camera will also be set up next to the water container to view the bottom of the drill string.
The camera will provide a remote indication and record of any gas release from the drill string. A spark inducing device, such as an electric match, will be installed to provide the intentional ignition of the flammable gas. Information from the sensors will be fed to a remote data acquisition system for recording. Testing will be conducted at the Pittsburgh Research Center in Pittsburgh, PA. The USBM Fires, Explosives and Explosions Group will be responsible for the actual testing site and necessary support equipment. The Pittsburgh facility is ideally suited for these tests since it is designed to handle the potential explosion hazard. Testing will occur in an area that is physically separated, by a safety barrier, from test personnel. USBM standard operating procedures and safety oversight will be in effect for these tests.
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EXPECTED RESULTS
The testing will show if an explosion is of sufficient energy to force combustion gasses out the end of a length of partially submerged drill string. Data is not available to predict the outcome of the tests sufficiently.
TEST PROCEDURE
Below is the step-by-step procedure to be used for the tests.
I )
Adjust water level to the required depth.
2)
3)
4)
used).
)
6)
Position the required length of drill string and attached measuring equipment into the container ofiater.
Insure that all pertinent measuring equipment is operating correctly.
Remove personnel from vicinity of drill string and begin purging drill string with flammable gas.
Continue filling at 28 literlmin for eight minutes. After eight minutes, reduce the flow rate of flammable gas to approximately six liter/min for duration of the test (if a non-sealed drill string isbeing
Begin recording with data acquisition system and video camera.
Ignite gas within drill string using a remotely controlled electric match.
7)
Review test and set up for a new test based on the results.
SAFETY
An explosion (detonation or deflagration) hazard exists. The USBM has facilities, personnel, and safety procedures prepared to accommodate an explosion, should one occur. 
SCHEDULE
WHC personnel will travel to Pittsburgh approximately one week after shipment of necessary drill equipment. The setup of the equipment will commence as soon as possible and actual testing will begin shortly after that. Testing is estimated to take between one and two weeks and is expected to start the first part of October 1996.
REPORTING
A Supporting Document Test Report will be generated and delivered to Characterization Field Engineering within four weeks after completion of testing.
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